Adsorptiont of Streptococcus mutans on hydroxyapatite and chemically treated hydroxyapatite was studied. Zeta potentials of the surfaces were measured. Chemically treated hydroxyapatite gave higher g potentials and lower S mutans adsorption.
hydroxyapatite has been reported in terms of adsorption sites and affinity constants. 6 Studies on competitive binding of streptococci to surfaces have also been reported. 7 Treating the surface by other components influences the adsorption of dextran and S mutans. Dextran adsorption was decreased when the hydroxyapatite was precoated with protein. 8 Adsorption of S mutans decreased on hydroxyapatite surfaces treated with protein or fluoride.9"10 In the past, the use of chemicals on enamel surfaces to prevent or retard caries formation has been based mainly on an increase in resistance to acid dissolution.11-12 Ths study is to investigate the adsorption of S mutans on chemically treated hydroxyapatite with respect to surface properties. 
Materials and Methods
Streptococcus mutans (M4S), a recent human isolate (serotype c), was grown anaerobically in a chemically defined medium* for 24 hours. The bacteria were harvested by centrifugation, washed twvice, and redispersed by sonification in double filtered distilled water to a concentration of 2.42 X 109 microorganisms/ ml. The purity of the bacteria was monitored by streaking aliquots on agar medium. For use in adsorption experiments, the bacteria were kept at 37 C and were in stationary phase. They were used within 3 hours of harvest.
Concentrations of bacterial suspensions were measured by an optical density method at 550 nm using a spectrophotometer.t A standard curve for cell number was calibrated against a particle counter.t The amount of bacteria adsorbed in each experiment was indicated by the difference in concentrations of the bacterial suspensions before and after adsorption.
Hydroxyapatite powder used for the experiments was chromatographic grade.t Solutions used for chemical treatment were 0.2% chlorhexidine gluconate § and 2% Dextran ¶f (molecular weight 40,000). Distilled water was used as control. Chemical treatment was by adding 5 ml of the treatment solution to 15 mg of hydroxyapatite powder in a vial. The mixture was shaken for 5 minutes and then allowed to settle for 5 minutes; 4.5 ml of the supernatant liquid was withdrawn. The treated hydroxyapatite was washed by adding 5 ml of distilled water and the shaking and settling repeated, after which 5 ml of the liquid was withdrawn. A final washing with 10 ml of distilled water was applied. After withdrawing 10 ml of the wash, 0.5 ml of liquid was left in the vial with the hydroxyapatite.
For adsorption experiments, 5 ml of the bacterial suspension was added to each vial of chemically treated hydroxyapatite. Control experiments were performed on hydroxyapatite treated with distilled water and on chemical solutions without hydroxyapatite. The vials were immersed in a 37 C constant temperature water bath and shaken for 30 minutes. The contents were then left to settle. After 5 minutes, 3.5 ml of the suspension were withdrawn. Optical densities of the suspensions were measured after addition of 2 drops of 2.5 N HCI to dissolve any suspended hydroxyapatite particles. The effect of HCl on optical densities of suspensions was incorporated in the calibration. Sixteen measurements were made for each chemical treatment experiment.
Adsorption kinetics of S mutans on chemically treated hydroxyapatite was measured in a similar method with adsorption times of 2, 5, and 30 minutes at 37 C. The adsorption isotherm of S mutans on untreated hydroxyapatite was measured at the same temperature using bacterial suspensions with concentrations from 6 X 108/ml to 4.4 X 109/ml. Adsorption time was 30 minutes. each chemical treatment experiment. Surface morphologies of the treated hydroxyapatite powders were studied by scanning electron microscopy. The powders were dried, coated with gold by vapor deposition, and examined in a scanning electron microscope.t Results Adsorption isotherm at 37 C for S mutans on hydroxyapatite is shown in Figure 1 . The amount of bacteria adsorbed per mg of hydroxyapatite increased linearly with bacterial concentration up to about 2.7 X 109/ml, eventually leveling off to a plateau at 1.4 X 109 bacteria adsorbed by one mg of hydroxyapatite. For kinetics of bacterial adsorption on chemically treated hydroxyapatite see Figure 2 .
Amounts of S mutans adsorbed on chemically treated hydroxyapatite after 30 minutes are shown in the Table. Statistical evaluation of the results using the Student-Newman-Keuls test showed the g potentials are significantly different at a = 0.05. The g potential of S mutans in distilled water was -13.7 mV with a standard deviation of 1.2 mV.
Scanning electron microscopy revealed no detectable change in the surface morphology of the hydroxyapatite powders after chemical treatments when compared with the control experiment using distilled water.
The chemical solutions used did not affect the optical densities of the bacterial suspensions except for dilution effects. No agglutination of bacteria was observed.
Discussion
The adsorption isotherm of S mutans on hydroxyapatite (Fig 1) showed that adsorption varied linearly with bacterial concentration and then leveled off to a plateau. The linear part of the adsorption isotherm indicated that bacterial concentration was limiting adsorption. The plateau portion of the adsorption isotherm corresponded to an adsorption site limiting adsorption. The number of S mutans adsorbed by 1 mg of hydroxyapatite was 1 X 109. As S mutans cells are about 1 gum in diameter and the hydroxyapatite powder has a surface area of 7.24 um2/mg,'9 the maximum adsorption corresponds to 0.014 monolayer of bacteria. This assumes that S mutans occupies 1 sUm2 of space and that there exists no interaction among the adsorbed S mutans and the S mutans in suspension. However, it was unlikely that a simple adsorption mode was followed. The adsorption characteristics were probably complex involving inhomogeneity of sites, bacterial interactions, and electrostatic and surface interactions.
Results of adsorption kinetics of S mutans on chemically treated hydroxyapatite (Fig 2) indicated that in all cases there was rapid adsorption in the first 5 minutes followed by a slow leveling off to 
